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TiE VALUZD CF GLICR/PHIC-GEOLCGIC METHODS
oF TUDYLNG TAE MOCN

Yu. A. Knodak, V. V. Kozlov, I. N. Tomson
and L. V. Khoroshilov

Sumiary

The awnnors discuss the merits of geographic-

zeclozice moetnoas of octudying the moon, especially
sed on sormictural geomorphology and

strucoural und nistorical geolozy. t is suggested
thet lunar resenrch would benefit from the integra-
tion ot ﬂeOﬁUQDL c weologic (comparison with ter-
resurial materisl) wnd astronomical methods of
soudy. GeogAayu¢c—geologic investigations already
carried out in the USSR (A. V. Knabakov, Yu. A.
Knodolk ; and abroad are reviewed, together with the
meteoritic theory of the development of lunar re-
lief and structure.

.eu Heb s PRE

Problens of the origin and evolution of the relief and structure
T “he moon are increasingly atitracting the attention of geologists,
ctronomers, and geographers. The first attemnpt to elucidate the
strucsure of the near side of the moon from geological details was
rade by tne Soviet scientist A. V. Khabakov [1-3], who determined
rincipal formations of tine lunar relief in the order of their
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appearance A detailed "geomorphological' study of the relief forms
of the near side of the moon has been wade by the American geologist
Spurr [L7].

Vaiious geolozic and tectonic schemes of a number of regions
of the near side of the moon are presented in the numerous publications
of Bulov [5-8], Benes [9-13], Hedervari [1k, 157, Mason, Hackman and
Shoemaker [16-191, Miyamoto [20, 21], Fielder [22 311, Warner [22-35],
McDonald [36], Cameron and O'Keefe [37], Compte [38], Mohacsi [39],
Schlicht [10], and other investigators.

Thanks to the photogravns obtained in 1959 from a Soviet space
rrobe, the worlu obtaeined its first information concerning the far side
of uﬂg moon {41, L27.

At ctoanc scheme of the moon as a wnole -- near and far sides --
has been roposed by Yu. A. Knodak [4%] on the basis of an analysis of
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the nature =nd distribution of the lunar rock formations (ring forma-
tions, craters, ranges and chains of ring formations and craters),
maria, rills, and clefts. This scheme shows the principal structural
elements and the deep fault zones that separate them (cf. article in
this issue). .

It is quite obvious that at this stage of the investigation,
when man has still to set foot on the surface of the moon, the struc-
tural "geographic-geologic" approach is indispensable to an understand-
ing of the nature and historical development of the interior, crust,
and surface of the moon and the processes of its formation and de-
velopment as a planetary body. The astronomers alone, without aid from
the geologists, have proved incapable not only of solving, but even of
formulating the provlem of the study of the structural elements of the
moon. The present integration of geographic-geologic (comparative)
and astronomical methods constitutes the begilnning of a qualitatively
new era in lunar research.

At present, geographic-geologic studies of the moon are charac-
terized by the exclusive reliance of the geographers and geologists
on the results of astronomical observations. 1In the first place,
geologists are obliged to use very accurate photographs of the lunar
surface of the type found in the Kuiver atlas {k4] and the photographs
and drawings of the Wilkins atlas [U45] in order to study the indi-
vidual areas and reglons of the moon and obtain a complete picture of
both the near and far sides. It is essential that geologists should
make direct visual observations of the lunar surface through telescopes
with correction of existing photographs (including those made in the
invisible part of the spectrum) by means of sketches (the "finest"
possible within the limits of resolution of the telescopes) of the
details of the lunar relief forms and the relationships between them.

In order to carry out investigations of the structural geography
and structural geology of the moon, it is of the utmost importance to
obtain the most accurate possible topographic maps (schemes of the
relative heights of lunar relief) of the individual areas, maria, and
regions and of the entire visible surface of the moon. The structural-
geomorphological and structural-geologic interpretation and correction
of the corresponding data should be handled by geologists and astrono-
mers collaborating in the process of making visual observations and
complling schematic topographic maps.

Considerable importance attaches to detalled geomorphological
investigutions, based on photographic methods (including the invisible
vart of the spectrum), of the nature of the individual ring formations
and craters, both large and small, the nature of the clefts, the lo-

cotion of ring forqations and craters of different dimensions, form
(&7 b 2

nartleular types of ring Tormatlons and craters, the relations be-
e different types and systens of clefts and between clels and
series of chalns, chalns, types of ring formations and craters, etc.
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(within the maria as well). The collection and systematization of
these geomorphological details must be constantly accompanied by topo-
graphic correction.

Our understanding of the surface of the moon can be signifi-
cantly improved by the structural-geomorphological and structural-
geologic interpretation and correction of data on the physical charac-
teristics of the lunar surface and interior -- the albedo, color,
tenperature, polarization properties, magnetic, spectroscopic, radio-
astronomical and other data -- these characteristics belng taken both
irndividually and in groups. Where groups of characteristics are
studied, the changes in the relations between them may be investigated
for the individual areas and regions, the maria, and the visible sur-
face of the moon as a whole, and with respect to the nature of the
topogrephy, geomorphology and structure, networks of clefts, indivi-
dunl ring Formations and craters, series of ring formations and
craters, ete. It is very interesting to compare schematic charts of
these constants with topographic and structural-geologic maps, for
example, Pettengill's wradar topographic map of the moon [L67.

Since at present the geologists are not in a position to make
direct studies of the composition of the lunar rocks (particularly
mineralogical and petrographlc studies), it is necessary to use data
on the physical characteristics of the moon for the purpose of a
preliminary determination of the nature and properties of the rocks
that form its surface (and perhaps interior) and of their possible
Gistridution. It would be a useful thing to correlate these "petro-
grapaic" [1, b7, L8], topographic, geomorphologic, and structural-
geologic data with respect to individual areas and regions, maria, and
the entire visible surface, as well as with respect to individual
chains of ring forumstions and craters, systems of clefts, the in-
teriors of ring formations, craters, cleft zones, etc. ( and within
the incividual maria).

In order to clarify the origin of the polygonal-ring structures
(ring formations and craters), it will be necessary to undertake a
detailed structural-geologic investigation of the individual lunar
ring Tormations and craters by visual and other methods of observations
and compare them with analogous polygonal-ring structures of the older
terrestrial rocks. The chief tasks in relation to the moon are as
follows: the study of the nature and shape of the individual ring
formations and craters and their relationship to clefts or systems of
the nature and the forms of chains of ring formations and

the orientation of their long axes¥* along chains, clefts or

e I VP
cleivs 5

craters,

*Here mention should be nmade of the work of M. M. Shemyakin
[49] and Fielder and Jordan [30].
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5, moumtain ranges, etce. (including within the
the polygonal-ring nature of the structure of

T
meria )

»ing for aters, the structural and other relations among
individuu ions and craters and individual parallel or

ring formations and craters, the different
of cuperposition, the neighborhoods of individual
d ecratoers voth inside and outside chains; clarifi-
e ions bebween the polysonal-ring structures of the
Lot ios cruters that apparently take the form of unique
; (nolyvon 1-ring masses that have subsided between faults) and
topogzrannic and other data (petrograpnic, physical, etc.). The material
and conclusions relating to the polygonal-ring structures of the moon
will greatly assist our uncerstanding of analogous anclent terrestrial
structures mesked in the course of geological history.

Cn the vasis of the aress of investigation listed above, scien-
tists are now making geologic and hictorico- geoloblc analyses to dis-

inguish the principal structural elements of the "continental”
ressifs, the zones of marine depressions, the larger individual features
of thece massifs and depressions and the deep breaks that separate
them, the order of deposition and superposition from ancient times to
the present day, the laws of development of the individual regions,
and the general laws of developuent of the lunar crust and the moon
as a planetary body.

e
The Soviet lLL'rature contaLns des crlpulons of two attempts to
c

tnet of AL V. Kh bakov {1-3], in relation to the near side, and that
of Yu. A. Knodak [43], in elution to both sides of the moon. 3Both
these investigators incline toward a common conclusion concerning the
block structure of the moon, the polysonality of its larger "continen-
tal" and "marine" structural elements. The polygonality of the con-
tours of the lunar wmeria has been nOued by V. G. Fesenkov [50] and a
nunber of other astronomers. Yu. A. XKhodak emphasizes the important
part played in the geologic development of the moon and the formation
of its crust by the systems of deep fault zones, regions of consider-
able tectonic activity, along which the most intense formation of

polyvgonal-ring structures, the differential upheaving and subsiding of
blocks of various shapes and sizes, the formation of grabens and horsts,
cleits, rills, ebc., took place.

The block structure of the lunar crust, which, apart from on

carth [51], is also Tound on Mars [52], is further evidence of the

cencral ]JW’Ol development of the solid crust of the planets of the
LerrestrL&l group. The study of the block structure of the lunar
crust with its abundance of polygonzl-ring formations will prove of
grest velue in the interpretation of a number of laws of the earth's
crust, particularly of its lower (more ancient) part and the water-
filled oceanicic and marine basins, which to a large extent are inacces- /465
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the geomorphological and structural forms of 1ts crust
iz dimicbrically oppoced to the so-called meteoritic

5 5k]. We shall not enter into a fruitless (at least
noced gtructural geographic-geologic investigations of the
n mnde) discussion, bub rake use of all that is valuable
rvations of B. Yu. Levin {53, 54} and other partisans of the
theory concerning the role of intense cosmic bombardment of

"oreation {as a planetary body). At this point we

rely make a Tew comnents of a fundamental nature concerning the
. 1

nypothesic,

Iron levin's arguncnt [53, 5] 1t follows that immediately after
oriatlion of the moon as 2 planctary hody, when the moon, like all

anets of the terrvestrial group, nad collected practically
isting in the region of its orbit, there began
sie" relierl that we now see in the form in which

ndreds of miilions, if not billions (up to 4
iiny to Levin, the intense meteoritic bombard-
ren aiter the swarm of particles, from which the moon must
nposed, wios exnausted.
tisans of the 'meteoritic"” hypothesis, without analyzing
indica o o resular and ordered distribution of the re-
nd structurs] elements of the moon, reject all that is now
LYy Thie manerous specialicts 'Qeologists, astronomers, geo-
ophysicisbs) in the USSR, Czechoslovixia, Hungary, the
o, Bagland, Jupan, and other countries working, from
ngles, on the problem of the formation of the lunar relief.

iz one-nided approach to the question of the development of

tie relief and structure of the moon can only lead to an impasse and

is incapable of reaching o real solution. Only by using the same

SRR AP 1= 1
I

dota o cowplle the wvarious scheratic maps proposed above for analysis
and intevpretation can the provlem finally be solved.

aportant and interesting aspect of this subject is the effect
ol tie rotwtional and orbitnl motion of the moon on the formation of its
structure (inciuding, of course, the relief as its surface expression )
and the gsysteass of deep fuult zones during the process of its geologic
development. Anzlogous ungyrhemabtic investigations relating to the earth
have already been published [55-5817.

n conclusion, it should be stressed that without the collabora-
tion of geologlsts it will be impossible to solve the problem of the
origin of the lunar reliel and structure and the laws of thelr distribu-~
tlon, or to compile topographlc, geographic, and geologic -- selenologic
-~ charts and maps worthy of modern science.
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